Background. Adenocarcinoma involving the pancreas shows differences in prognostic parameters including resection margin status depending on subtype. Aim: To assess the reported incidence of each type and the rate of R1 resection using detailed histopathological examination protocol. Methods. All pancreaticoduodenectomies between June 2011 and June 2013 at our institute were analysed. These were classified according to the site of origin, R1 status, size, stage at resection, lymph node status and the rate of lymphovascular and perineural invasion. Results. 58 adenocarcinomas included 23 ductal, 16 intraductal papillary mucinous neoplasm (IPMN) related, 8 duodenal, 7 ampullary and 4 distal common bile duct (CBD) tumours. The CBD, pancreatic ductal and IPMN-related adenocarcinomas had the highest rates of R1 resection, at 75%, 69.5 and 62.5%, with the posterior and SMV margins most frequently involved. Ampullary adenocarcinoma had lower rates of R1 resection (14%) as well as perineural invasion (0%). Conclusion. Ampullary adenocarcinomas had a lower rate of R1 resection and perineural invasion, both of which are parameters associated with a poorer outcome. This correlates with literature indicating ampullary tumours have a better prognosis. Our study also highlights the high rate of detection of microscopic margin involvement when a detailed histopathological examination protocol is employed.
Introduction
Adenocarcinoma of the pancreas has generally a very poor prognosis, presenting at a late stage. Even in cases amenable to resection, the rate of margin positivity ranges from 20-80% 1 and the overall survival is poor. Adenocarcinomas affecting the pancreas can be divided into ampullary adenocarcinomas, cholangiocarcinomas arising from intrapancreatic bile ducts and ductal type adenocarcinomas. Adenocarcinomas arising from intraductal papillary mucinous neoplasms (IPMN) can be viewed as a further category. Furthermore, duodenal adenocarcinomas can infiltrate into the pancreas. These various entities differ in terms of their prognosis, likelihood of margin involvement and the presence of other pathological features of tumour aggression, with ampullary adenocarcinomas having a more favourable outcome 2 . The accurate assessment of these parameters have been in the past hampered by difficulties in distinction between the different sites of origin, with distal bile duct cancer often underestimated 3 . Furthermore, until a few years ago, the pathological assessment of pancreatic resection was less standardised. The introduction of a more detailed protocol, as described by Menon et al. 4 , has led to an increased rate of R1 resections, which is of prognostic significance. This combined with more accurate determination of site of origin should result in more accurate data on prognostic parameters and survival accordingly in each subtype.
In this study we aimed to determine the rate of margin involvement and the presence of adverse parameters according to the site of origin.
Materials and methods
Case selection. All pancreatic resections, including Whipple's resections and pylorus preserving pancreaticoduodenectomies, performed during a two year period from June 2011 to June 2013 were identified on the histopathology Winpath database. The histology hematoxylin and eosin slides were reviewed to confirm the site of origin of adenocarcinoma which were categorised as ampullary, distal common bile duct, ductal, duodenal and those arising from an IPMN. Histological subtyping was performed using WHO classification of Tumours. Data was collected on the following parameters: Differentiation, size, rate of R1 resection (defined below), site of margin involvement, pT stage, lymph node status and rate of lymphovascular and perineural involvement. R1 resection was defined as < 1 mm from the SMV and posterior pancreatic resection margins and the pancreatic transaction margin, and 0 mm from the anterior pancreatic surface 5 . Demographic data (age & sex) was obtained from the medical records. Pathological assessment (Tab. I). At our institution, we follow a standardised and detailed protocol when handling pancreatic resection (Fig. 1A) . The pancreatic surfaces and margins are inked routinely with green for anterior surface, black for posterior margin, blue for SMV groove resection margin and red for pancreatic transaction margin. Additionally, prior to slicing the pancreas, the common hepatic duct/ CBD is opened and yellow ink applied to a probe is passed into the common bile duct, reaching its intrapancreatic portion. This aids subsequent determination of the site of origin by allowing more definite distinction between the intrapancreatic common bile duct (inked) and the main pancreatic duct (unlinked). After sampling the pancreatic and common bile duct/common hepatic duct and proximal and distal gastric/duodenal transaction margins, the pancreas is serially, thinly sliced in the axial plane perpendicular to the long axis of the duodenum from superior to inferior, in the periampullary plane and embedded as whole mount sections, ensuring thorough sampling of all resection margins identified by differential inking system ( Fig. 1B-E) . The lymph nodes are grouped as anterior and superior group, and posterior and inferior group including the nodes along the superior mesenteric vein and artery surface. Determination of site of origin. The slides were reviewed, regardless whether the site of tumour origin was specified in the original report, and the site of origin was determined by considering the centre of the tumour mass, its location relative to local anatomy and the presence of an in situ lesion, including bile duct dysplasia of the CBD or pancreatic ductal system (Bi-lIN or PanIN), IPMN or adenomatous dysplasia of the duodenum 6 . The application of ink to the common bile duct further aided the distinction between distal CBD, ampullary and pancreatic ductal subtypes.
Results

Demographic and histopathological data (Figs. 1, 2).
Over a two year period, 95 pancreatic resections were performed at our hospital, including 58 cases of ade-Tab. I. Standardised protocol for histopathological assessment of pancreatic resection specimens.
1. Examine and measure the size of different organs included in the specimen, for eg: duodenum, pancreas, distal stomach, gall bladder and common bile duct. 2. Open the duodenum and assess the ampulla and duodenum for tumours, polyps or ulcer. 3. Using the standardised protocol ink the specimen as:
anterior pancreatic surface: green posterior pancreatic margin: black superior mesenteric groove (SMV) margin: blue pancreatic transaction margin: red open the common bile duct/common hepatic duct and pass yellow ink through it using a probe. 4. The duodenal, common hepatic duct and the pancreatic transaction margins are submitted. 5. Following inking, the specimen is sliced in the axial plane into transverse sections from proximal to distal. The slices should include all of the inked resection margins and serosal surface. 6. The site of the tumour should be identified in the slices (either pancreatic duct/ head, distal common bile duct-intrapancreatic/ extrapancreatic, ampulla or duodenum) and 2-3 megablocks should be submitted along with a few small blocks of tumour. 7. All the fat around pancreas should be submitted for lymph nodes and the lymph nodes are grouped as anterior and superior pancreaticoduodenal lymph nodes, posterior and inferior pancreaticoduodenal lymph nodes including the superior mesenteric group and the common hepatic/common bile duct lymph nodes. Perigastric lymph nodes if present should be submitted separately. 8. Gall bladder, if present, should be sampled accordingly. nocarcinoma and 37 benign cases (Tab. II). The cohort with adenocarcinoma included 24 female and 34 male patients with an age range of 39-81. The histopathological data is summarised in Table III . The 58 adenocarcinomas included 23 ductal (39.6%), 16 arising from a background IPMN (27.6%), 8 duodenal (13.8%), 7 ampullary (12.1%) and 4 distal common bile duct (6.9%, including 3 intrapancreatic and 1 extrapancreatic) adenocarcinomas. The primary pancreatic adenocarcinomas were more likely to be poorly differentiated (ampullary 86%, distal CBD 75%, invasive IPMN 75%, ductal 65%) compared to duodenal adenocarcinomas (38% poorly differentiated). Ductal, IPMN-related and duodenal adenocarcinomas had a similar mean diameter at 26 mm (16-40), 27.7 mm (5-40) and 27.9 mm (14-45), respectively, whereas ampullary and distal CBD were smaller at 13 mm (5-21) and 15.75 mm (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , respectively. IPMN-related adenocarcinoma: The anatomical site of origin was pure main duct in 4 of 16 cases, sidebranch in 3 of 16 cases whereas the remaining 9 showed combination of both anatomical sites. The background IPMN showed varied morphological patterns, commonest being intestinal type (9/16) followed by gastric type (3/16), oncocytic type (3/16) and one pancreaticobiliary type. The most common histological pattern of invasive tumour was tubular (15/16) and only one was pure mucinous/ colloid type.
Fig. 1. A)
Macroscopic photograph of a pancreaticoduodenectomy specimen demonstrating standardised inking protocol, including application of ink into common bile duct. B) Serial axial section demonstrating yellow ink within intrapancreatic distal common bile duct and firm irregular white tumour in the adjacent pancreas. C) An axial section of pancreas showing an intraductal solid tumour within the main pancreatic duct (marked by arrow). D) An axial section revealing an ampullary tumour (marked by arrow). E) Macroscopic photograph of a pancreaticoduodenectomy demonstrating serial axial slicing and revealing a circumferential firm white tumour within the distal common bile duct with yellow ink (marked by arrow).
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Resection margin involvement (Fig. 2C) . The CBD, pancreatic ductal and IPMN-related adenocarcinomas had the highest rates of R1 resection, at 75%, 69.5 and 62.5% respectively. Only 1 of 7 ampullary cases (14%) and none of duodenal adenocarcinomas (0%) had positive margins. The most frequently involved margins in ductal adenocarcinomas were the SMV groove and posterior margins (11/23).
In the distal intrapancreatic CBD tumours the posterior margin was most commonly involved (2/3), and in the extrapancreatic CBD tumour the circumferential resection margin was involved (1/1). In the single R1 ampullary tumour resection, the posterior margin was positive. Regarding IPMN-related adenocarcinomas, SMV (7/16), posterior (4/16) and pancreat- ic transaction margins (4/16) were most frequently involved by invasive tumour. Of the 4 IPMN-related carcinoma cases with positive pancreatic transaction margin, 2 were side-branch origin and 2 showed combined main duct/ side branch origin; all 4 showed tubular growth pattern of invasive tumour with lymphovascular and perineural invasion. In these 4 cases, frozen section of the involved margin had not been performed at the time of operation. 4 additional cases of IPMN showed low grade dysplasia at the pancreatic transaction margin. TNM stage. All the cases from 2011 to 2013 included in the study have been reported using the TNM 7 th Edition for staging. Ductal, IPMN related and CBD adenocarcinomas were more frequently of a higher T stage (pT3 100%, 87.5% and 75% respectively). Most ampullary adenocarcinomas were resected at pT1/2 stage (86%). 63% of duodenal adenocarcinomas were pT3/4. A high rate of nodal involvement (pN status) was detected in all sites of origin, ranging from 63% (duodenal) to 100% (CBD). The lymph node ratio was greatest in ductal and IPMN-related carcinomas, but the differences to the other subtypes were small (all less than 0.2). The single IPMN-related mucinous/ colloid carcinoma was small size, of lower stage (pT1) and did not show lymph node metastasis. Fig. 2D  inset) . A high rate of LVI and PNI were detected in CBD (100% and 100%), ductal (87% and 100%) and IPMN related adenocarcinomas (81% and 100%). The incidence of LVI and PNI was lower in ampullary (57% and 0%) and duodenal (50% and 38%) adenocarcinoma.
Lymphovascular and perineural invasion (
Discussion
Site of origin. 3/8 (38%) (Post = posterior, CRM = ductal cirumferential resection margin, SMV = superior mesenteric vein groove resection margin, ant = anterior resection margin, PTM = pancreatic transaction margin, LVI = lymphovascular invasion, PNI = perineural invasion). lary (5-42%) and distal bile duct (5-38%) cancers, indicating that many pathologists find determining the site of tumour origin difficult 1 6 . Case review by more experienced pancreatic pathologists can result in reclassification of a substantial number of cases, as found by Pomianowska et al. who discovered that distal bile duct cancers were most frequently misdiagnosed, particularly as an ampullary carcinoma 3 . As the prognosis differs with the various sites of origin, accurate allocation is important. At our centre we consider the centre of tumour bulk, proximity to local anatomical structures as well as the presence of any in situ or dysplastic component to aid in this distinction. Furthermore, the modification of the standardised protocol by the application of ink into the common bile duct aided in this process further. R1 status and site of margin involvement. The review by Verbeke also focused on the wide range of published rates of microscopic margin involvement (R1), ranging from 0 to 85%, with R1 rates also depending on the site of tumour origin, where ampullary tumours had the lowest R1 rate at 0-27%, compared with 18-85% and 0-72% for pancreatic and distal bile duct cancers, respectively 1 . Microscopic resection margin involvement has been shown to impact adversely on survival indicating that the accurate assessment of the R status is of high importance 4 8-12 . Our study demonstrates a high incidence of R1 resection in ductal (69.5%), IPMN-related (62.5%) and CBD (75%) tumours, with much lower rate in ampullary (14%) and duodenal (0%) adenocarcinomas. This reflects a thorough pathological assessment as detailed above. The most frequently involved resection margins are similar to those described by Verbeke, with posterior margin most commonly involved in CBD and ampullary tumours. Ductal and IPMN-related adenocarcinomas most frequently had positive SMV and posterior margins. IPMN-related tumours had the highest R1 rate (presence of invasive tumour) at the pancreatic transection margin (4 of 16 cases). A reported rate of 45% of dysplasia at PTM has been described previously and this was associated with an increased rate of recurrence 13 . Markov et al. discuss the utility of frozen section examination in assessment of pancreatic neck transaction margin, wherein, if positive the resection can be extended more laterally to achieve a negative margin. However, this is not possible in other margins as the limit of dissection has already been reached 11 . Kooby et al., in their large Central Pancreas Consortium study of 1399 patients, demonstrated a median overall survival of 21 months in R0 resections as compared to 13.7 months in resections with R1 pancreatic neck margin and 11.9 months with an R1-convert-ed-to-R0-pancreatic neck margin (both P < 0.001), thus questioning the use of routine frozen section analysis of these specimens 14 . Similar findings were also observed by Lad NL et al. who concluded that extending the neck resection after a positive frozen section to achieve R0 margin status did not appear to improve the overall survival 15 . In present study, frozen section examination had not been performed in cases with R1 pancreatic neck margin. Tumour size and stage. In our study, the average tumour size was greatest for ductal, IPMN related and duodenal adenocarcinomas and smallest for ampullary and CBD tumours, reflecting their tendency for earlier presentation. This parallels the findings of Hatzaras et al. 2 who found that resected pancreatic cancers tended to be larger than cholangiocarcinomas or ampullary cancers. In our cohort, ampullary tumours were also less advanced locally, with 86% resected at either T1 or T2 stage. This was in contrast with the other tumour sites, where a high proportion of tumours were resected at pT3. Lymph node status. Lymph node involvement, particularly a lymph node ratio of greater than 0.2, has been reported to be the strongest prognostic factor after resection of pancreatic cancer 16 17 . Furthermore, in ampullary cancers, when controlled for tumour stage, the presence of nodal metastasis predicted poor survival 2 . We found a high rate of nodal involvement in tumours from all sites, highest rate in CBD tumours (100%) and ductal adenocarcinomas (82.6%) and lower in ampullary (71.4%), IP-MN-related (68.75%) and duodenal (63%) tumours. The lymph node ratio was greatest in ductal and IPMN-related carcinomas, but the differences to the other subtypes were small (all less than 0.2). Lymph node involvement has been reported to be more frequent in pancreatic (75%) than ampullary (48%) and CBD tumours (57%) 17 . Our findings are not entirely in agreement with this; however, our small sample size may partly explain the discrepancy.
Perineural and lymphovascular invasion (LVI).
Perineural invasion has been shown to represent a second independent adverse prognostic factor, in addition to lymph node status 2 . The rate of perineural invasion in our study was highest in ductal, IPMN and CBD tumours (95-100%), and much lower in duodenal (38%) and ampullary (0%) tumours. This is in concordance with the findings of Hatzaras et al. 2 , who reported less frequent perineural invasion in ampullary cancers. The evidence for the prognostic value of lymphovascular invasion is less robust. We found highest rates of LVI in CBD, ductal and IPMN tumours, and lower rates in ampullary and duodenal tumours.
Conclusion
To conclude, our study provides further evidence that the rate of R1 resection in adenocarcinoma of the pancreas is high when a systematic and through histopathological examination is employed. It also further highlights that the R1 rate varies between sites of origin, being most frequent amongst CBD, ductal and IPMN-related adenocarcinomas. Determining the exact site of origin is important as prognosis differs and allocation of patients into various clinical trials is dependent on the histological type of adenocarcinoma. Our modification of the current standardised protocol, i.e. the technique of applying ink through the CBD, further aids in this process. Our data also correlates with existing literature in terms of ampullary tumours being smaller, of lower stage at resection and exhibiting a somewhat lower rate of lymph node involvement and perineural and lymphovascular invasion.
